The sera of two patients with autoimmune disorders recognize in HeLa cell extracts two proteins with apparent molecular masses of 37,000 (p37) daltons and 32,000 daltons (p32). These proteins are non covalently associated with 5S RNA and sediment as 7-10 S particles in sucrose density gradients. Both proteins are antigenetically related to TFIIIA, a previously described protein of Xenopus laevis. which is known as a 5S RNA transcription factor and occurs in oocytes as a noncovalent complex with 5S RNA. Like TFIIIA, HeLa cell proteins p37 binds in vitro to 5S RNA and to cloned 5S RNA genes. These results suggest that protein p37 fulfils in HeLa cells a function similar to that of TFIIIA in amphibian oocytes, ie control of 5S RNA transcription.
INTRODUCTION
Human autoantibodies occurring in patients with systemic lupus erythematosus and other multisystem autoimmune disorders can be classified in two main groups : (i) antibodies reacting with DNA and/or histones, and (ii) antibodies reacting with nonhistone proteins (1, 2) . Among the antibodies of the latter group, those reacting with nuclear and cytoplasmic ribonucleoproteins (RNP) have become efficient tools to define the nature of the RNA-associated antigens and to get insight into the role of these antigens in the cell metabolism (3) .
During a systematic screening of human sera containing antibodies to nuclear antigens, we became interested in two patients (Bi. and Ni.) with thrombocytopenia.
Serum Bi. has already been shown to recognize a nuclear antigen with an apparent molecular mass of 55,000 daltons (4-6). We report here that the sera of these patients immunoprecipitate from HeLa cell extracts 5S RNA and two proteins with apparent molecular masses of 37,000 daltons (p37) and 32,000 daltons (p32). In contrast, the autoimmune sera precipitate no RNA from deproteinized HeLa cell extracts. We considered this as a strong indication for the existence of an in vivo association between 5S RNA and the proteins recognized by the autoantibodies. This is not the first evidence for the occurrence in eukaryotic cells of a nonribosomal 5S RNA-containing particle. A noncovalent complex between 5S RNA and a protein has already been described in previtellogenic oocytes of Xenopus laevis (7) . The protein component of this complex is identical to TFIIIA, a factor required for efficient and accurate in vitro transcription of cloned 5S RNA genes (8, 9) . We compared the properties of TFIIIA with those of proteins p37 and p32. TFIIIA and HeLa cell protein p37 have another property in common : they specifically bind in vitro to 5S RNA and to cloned 5S RNA genes. These results suggest that p37 and p32 might fulfil in proliferating in HeLa cells a function similar to that of TFIIIA in amphibian oocytes, ie control of 5S RNA production. Our results also define a new class of human autoantibodies : those directed against the protein moiety of a nonribosomal, 5S RNAcontaining particle.
MATERIAL AND METHODS

Origin of Human antibodies.
The sera used in this study were obtained from two patients (Bi. and Ni.) with autoimmune disorders. They were selected during a systematic screening of human sera for the presence of antibodies directed against intracellular antigens.
Preparation of HeLa Cell extracts.
HeLa cells grown in suspension were labeled with [ 3 H] uridine (10 (iCi/ml) or with a mixture of [ 3 H] leucine (10 jiCi/ml) and [ 3 H] valine (10 |xCi/ml). The cells were washed twice in ice-cold buffer A (10 mM Tris-HCl, pH 7.4, 10 mM NaCl, 2 mM MgCl2, lmM phenylmethylsulfonyl fluoride, suspended in 2 vol of the same buffer, and lysed by adding Nonidet P-40 to the final concentration of 0.25%. After 5 min., the homogenate was sonicated for 30 sec at 0°C with a Branson B12 sonifier and clarified by centrifugation at 2,000g (total extract). Alternatively, cytoplasmic extracts were prepared by two successive centrifugations of the lysed homogenates at 2,000g and 10,000g. The nuclear pellet was washed twice in this buffer, suspended in buffer A, lysed by sonication and digested for 2h with 500 ug/ml DNAse (Worthington). density gradients. The gradients were spun at 21,000 rpm for 16h in a SW27 rotor, divided into 500-|i.l fractions, and analyzed for optical density at 254 nm, acid-insoluble and immunoprecipitable radioactivity (5) . Preparation of oocyte extracts and 7S particles.
Fractionation of HeLa cell extracts
A crude 7S particle preparation was isolated from whole ovaries of 2L laevis by sucrose density centrifugation (7). This preparation was purified to homogeneity by HPLC (10) .
Preparation of anti-TFIIIA antisera. 300 n.g aliquots of particles purified by HPLC were emulsified in Freund's adjuvant and injected subcutaneously to two rabbits at four week intervals. The animals were bled 10 days after the last injection. Both sera specifically regognize TFIIIA as shown by Western Blot analysis (see below) of total extracts of Xenopus laevis ovaries.
Immunoprecipitation.
HeLa cell extracts and Xenopus laevis 7S particle preparations were processed for immunoprecipitation, electrophoresis in the presence of sodium dodecyl sulfate, and either autoradiography or Coomassie blue staining as already described (5) .
Western blot analysis.
Aliquots of nonlabeled HeLa cell extracts and Xenopus laevis IS particles were processed as reported elsewhere (11) . Briefly, nitrocellulose sheets were incubated for 2 h. at room temperature with a l/30th dilution of human or rabbit serum in lOmM Tris-HCl, pH 7.6, 150 mM NaCl, 0,3% bovine serum albumin, 1% Triton X-100, 0,5% sodium deoxycholate, 0,1% sodium dodecyl sulfate. IgG were detected by means of peroxidaseconjugated protein A, using 4-chloro-l-naphtol as a substrate (12) . Preparation of labeled 5S DNA and plasmid DNA.
A Hind III insert of DNA from a recombinant phage (M13-Xbo3) derived from plasmid pXbo3 (harboring 6 copies of oocyte-type Xenopus borealis 5S RNA genes; ref. nick-translated to the same specific radioactivity. Preparation of labeled 5S RNA, tRNA and 5.8S RNA 5S RNA and tRNA were purified from pH 5 extracts of Xenopus laevis mature ovaries (14) . 5.8 S RNA was purified by the same procedure from heat-denatured phenol extracts of X. laevis ribosomes. 1 u.g-aliquots of purified RNA were dephosphorylated and labeled by means of T4 polynucleotide kinase (specific activity of 3-4 x 10 8 cpm/|xg) (15) .
Identification of the RNA present in the immune precipitates.
Extracts from uridine-labeled HeLa cells were spun at 100,000 g to eliminate the ribosomes and immunoprecipitated with serum Bi. as described above. The RNA was fractionated by electrophoresis in 10% polyacrylamide gels, followed by autoradiography. Nonlabeled RNA was also immunoprecipitated from HeLa cell extracts with serum Bi., purified by phenol extraction, submitted to agarose gel electrophoresis under denaturing conditions (16) , transferred to a nitrocellulose sheet and incubated at 60°C with X. borealis nick-translated 5S DNA in 600 raM NaCl/ 60 mM sodium citrate/12% dextran sulfate (17) . The sheet was washed at 50°C in 30 mM NaCl/3 mM sodium citrate, dried and autoradiographed.
Binding of DNA and RNA to HeLa cell and Xenopus laevis proteins.
Aliquots of nonlabeled HeLa cell extracts containing 100 (ig of proteins were immunoprecipitated with serum Bi. as described above, submitted to electrophoresis in 15% polyacrylamide gels, transferred to a nitrocellulose sheet and incubated for 60 min. at room temperature with 0.25 ng/ml labeled DNA or RNA in 10 mM Tris-HCl, pH 7 / 50 mM NaCl / 1 mM EDTA / 0.2% bovine serum albumin / 0.02% Ficoll / 0.02% polyvinylpyrrolidone (18) . Aliquots of X. laevis 7S particles containing 1 u.g of TFIIIA were also submitted to polyacrylamide gel electrophoresis, blotted onto nitrocellulose and incubated with labeled DNA or RNA. The nitrocellulose sheets were washed in the incubation buffer, containing increasing amounts of NaCl (50-200 mM), dried and autoradiographed.
RESULTS
Characterization of two HeLa cell proteins recognized by human autoantibodies.
The sera from 2 patients (Bi. and Ni.) with thrombocytopenia associated with auto-immune disorders were tested. The HeLa cell antigens recognized by these sera were identified by immunoprecipitation followed by electrophoresis and autoradiography (Fig. 1A) . Three major bands were reproductibly observed with serum Bi (Fig. 1A, lane 2) . One of these bands has already been characterized (4) (5) (6) . It corresponds to a The precipitated antigens were recovered from the immune complexes and analysed by polyacrylamide gel electrophoresis followed by autoradiography. The position of protein p55 previously characterized (4-6) is indicated. nuclear antigen deisgnated PSL or p55. The bands designated p37 and p32 correspond to proteins with apparent molecular masses of 37kDa and 32kDa respectively. Serum Ni. detects proteins p37 and p32, but does not detect protein p55 (Fig. 1A, lane 1) . Proteins p37 and p32 are always present in the autoimmune precipitates produced by serum Bi. and Ni., but their relative proportion varies from one experiment to another. Intracellular distribution of proteins p37 and p32.
A HeLa cell extract was divided into nuclear and cytoplasmic fractions. Both fractions were immunoprecipitated with serum Bi. The nuclear preparation yields protein p37 (Fig. IB, lane 1) and the cytoplasmic fraction yields a mixture of p37 and p32 (Fig. IB, lane 2 proportions which vary from one experiment to another. We conclude that the HeLa cell nucleus contains only protein p37, whereas the cytoplasm contains both p37 and p32.
The distribution of proteins p37 and p32 was also studied by ultracentrifugation at 100,000g, which separates the content of the cells into a pellet of ribosomes and polysomes, and a post-ribosomal supernatant. After immunoprecipitation with serum Bi., protein p37 and p32 were found only in the supernatant fraction (data not shown). This indicates that p37 and p32 are not ribosomal proteins. To confirm this point, a HeLa cell lOO.OOOg ribosomal pellet was dissociated in 500 mM NaCl and digested with pancreatic RNAse (100 Hg/ml), in order to release the ribosomal proteins. No polypeptide was precipitated from this material by the autoimmune sera. The HeLa cell cytoplasmic extracts were further analyzed by sucrose density centrifugation. Serum Bi. precipitates proteins p37 and p32 from the gradient fractions sedimenting at 7-10S (Fig. 2, inset a) . No reactive material was detected in the 40-80S region of the gradient, which contains the ribosomes and the ribosomal subunits.
RNA content of the immunoprecipitates.
A post-ribosomal extract from uridine-labeled HeLa cells was immunoprecipitated with serum Bi. The precipitate was deproteinized with phenol and its RNA content was analyzed by electrophoresis (Fig. 3A) . A single component with the same electrophoretic mobility as 5S RNA was recovered from the immune complex (Fig. 3A, lane 3) . No material of this kind was detected after incubation of a deproteinized HeLa cell extract with serum Bi. (data not shown).
To ascertain the nature of the RNA found in the immune complex, the deproteinized content of the complex was submitted to electrophoresis, transferred to a nitrocellulose sheet and hybridized with nick-translated 5S DNA from Xenopus borealis. A single band corresponding to the position of 5S RNA was detected (Fig. 3B, lane 2) .
5S RNA can also be precipitated by serum Bi. from only those fractions of a HeLa cell extract which sediment at 7-10S (Fig. 2, inset b) . No RNA is precipitated from these fractions by a normal human serum. The data presented above (Figs. 1-3) suggest that the HeLa cell material precipitated by serum Bi. (or serum Ni.) is in fact a noncovalent complex between 5S RNA and a protein component which is recognized by the autoantibodies and which we tentatively identify with protein p37 and/or p32. Such a complex is similar in composition to the 7S storage particle which is found in previtellogenic oocytes of Xenopus laevis (7, 19) . This particle contains one molecule of 5S RNA and one molecule of transcription factor TFIIIA (8, 9) . This similarity suggested to us that an antigenic relationship might exist between TFIIIA and the HeLa cell proteins p37 and p32. The anti-TFIIIA antibodies which specifically precipitate TFIIIA from a crude X. laevis 7S particle preparation (Fig. 4A,  lane 3) , precipitate two HeLa cell proteins (Fig. 4C, lane 1 ) that we identify with p37 and p32 (Fig. 4C, lane 2) . They also bind to proteins p37 and p32 blotted onto nitrocellulose (Fig. 4B, lane 5 ; see also Fig. 5, lane 3) . Conversely, the autoantibodies of serum Bi. precipitate (Fig. 4A, lane 5 ) and bind to TFIIIA (Fig. 4B, lane 3) in a X. laevis IS particle preparation. Furthermore, TFIIIA behaves as a competitor in the immune reaction between the autoantibodies present in serum Bi. and the HeLa cell proteins p37 and p32. From these lines of evidence, we conclude that p37 and p32 are antigenetically related to TFIIIA. Binding of 5S DNA to HeLa cell proteins p37 and p32.
It is known that TFIIIA binds to cloned 5S RNA genes (8) . We wondered if HeLa cell proteins p37 and p32 behave in the same way. The data presented in Fig. 5 answer this question. A 7S particle preparation (Fig. 5, lanes 4 and 5) and the immune precipitate of a nonlabeled HeLa cell extract by serum Bi. (Fig. 5, lanes 1 and 2) were submitted to polyacrylamide gel electrophoresis, transferred to a nitrocellulose sheet and incubated with nick-translated plasmid DNA (control) or 5S DNA. 5S DNA binds not only to TFIIIA, as expected (Fig. 5, lane 5) , but also to two HeLa cell proteins (Fig. 5, lane 2 ) that we identify with p37 and p32 on the basis of their reactivity with an anti-TFIIIA antiserum (Fig. 5, lane 3) . In contrast, plasmid DNA does not bind to any protein (Fig. 5, lanes 1 and  4) . Considering the relative amounts of p37 and p32 in the immune precipitates (Fig. 5, lane 3) , it is clear that protein p37 binds more 5S DNA than does p32 (Fig. 5, lane 2) . This suggests that p32 has a lower affinity than p37 for 5S DNA. In fact, p32 has a poor affinity for nucleic acids in general since it does not bind to columns of single-stranded DNA under conditions which allow retention of protein p37 (data not shown). Binding of 5S RNA to HeLa cell protein p37.
Since TFIIIA binds to 5S RNA in vitro (20) , HeLa cell proteins p37 and p32 can also be expected to interact with 5S RNA. To check this point, a total HeLa cell extract (Fig. 6, lanes 1, 3 and 5 ) and the immune precipitate of the same extract by serum Bi. (Fig. 6, lanes 2, 4 and 6 ) were submitted to polyacrylamide gel electrophoresis, transferred to a nitrocellulose sheet and incubated with labeled 5S RNA, tRNA and 5.8S RNA. All kinds of RNA bind to many protein bands in the total HeLa cell extract (Fig. 6, lanes 1, 3 and 5° . In contrast, a single band in the immune precipitates interacts with 5S RNA (Fig. 6, lane 2) , but does not interact with tRNA (Fig. 6, lane 4) and 5.8S RNA (Fig. 6, lane 6) . This band coincides with the slower-moving one found in the immune precipitates revealed by anti-TFIIIA antibodies (Fig. 5, Iane3) . It therefore corresponds to protein P 37.
DISCUSSION
When added to HeLa cell extracts, the autoantibodies present in the sera of two patients with autoimmune disorders specifically precipitate 5S RNA and two proteins with apparent molecular masses of 37,000 daltons (p37) and 32,000 daltons (p32). We have also observed the presence of p37 and p32 in other cell lines including the human promyelocytic HL-60 cell line, Hep-2 cells and PCC4 murine cells. In addition to the evidence presented elsewhere (21), two observations reported in this paper indicate that 5S RNA is associated with p37 and/or p32 in HeLa cell extracts and presumably in living cells. First, both autoimmune sera precipitate no RNA from deproteinized HeLa cell extracts. We infer that the presence of 5S RNA in the immune precipitates is due to its association with a protein component which we presume to be one or both of the immunoprecipitable proteins (p37 and p32). Second, 5S RNA, protein p37 and protein p32 sediment in sucrose density gradients as 7-10 S complexes (Fig. 2) . The presence in HeLa cell extracts of trace amounts of 5S RNA sedimenting as 7S particles has already been reported (22) , but the protein component of these particles has not been identified. Taken together, all these data demonstrate the existence in mammalian cells of small amounts of non ribosomal 5S RNA-containing complexes which are similar in composition to the 7S particles first described in X. laevis previtellogenic oocytes (7) .
What is the relationship between proteins p37 and p32 ? These proteins share common epitopes since three antisera of different origins (BL, Ni. and anti-TFIIIA) recognize and precipitate them. Although p37 and p32 are apparently associated with 5S RNA in HeLa cell extracts (Fig. 2) , it is clear that p37 has a higher affinity for 5S DNA (Fig. 5 ), 5S RNA (Fig. 6 ) and single-stranded calf thymus DNA (data not shown). In fact, only protein p37 shares with TFIIIA the ability to bind to 5S DNA and to 5S RNA (8, 9) . Furthermore, the molecular mass of protein p37 is close to that of TFIIIA (40 KDa ; ref. 23 ). Therefore, we consider p37 as the real TFIIIArelated factor of HeLa cells. p32 may be a cleavage product of p37, which can no longer associate with 5S RNA in vitro. We tried to get evidence in favor of a precursor-product relationship between p37 and p32, but without success, in spite of numerous attempts and the use of various protease inhibitors. We wish to point out that the factors involved in the alleged cleavage of p37 into p32 are likely to be located in the cytoplasm, since p32 is never recovered from the nuclear fraction. On the other hand, we have found no evidence for any postranslational modification which could account for differences in the electrophoretic mobilities of p37 and p32. In particular, no radioactive p37 and p32 was recovered from HeLa cell cultures labeled with inorganic [
32 P] or [ 3 H] glucosamine.
Somatic cells of X. laevis contain at least two TFIIIA-related proteins (24, 25) . One of them is structurally and functionally indistinguishable from TFIIIA (25) . The other one has a slightly higher molecular mass than TFIIIA (24, 25) , but its function remains obscure. To which protein does p37 correspond ? This question is all the more difficult to answer that a 5S RNA transcription factor has already been detected in HeLa cells (26, 27) . Given its apparent molecular mass (45,000 daltons), this factor is probably different from protein p37 described in this paper. In view of its dual affinity for 5S RNA and 5S DNA we are tempted to consider protein p37 as a 5S RNA transcription factor, acting like TFIIIA. However, definitive proof of this function will await purification of protein p37. Attempts to inhibit transcription of the 5S RNA genes in vitro by means of autoimmune sera have so far been unsuccessful, presumably because of the low antibody titer of these sera.
If protein p37 is really a transcription factor, what is the role of the 5S RNA-protein complexes that we detect in HeLa cells ? The function of these particles may be to carry 5S RNA to the assembly site of the ribosomes. To be efficient, ribosome assembly apparently requires a constant overproduction of 5S RNA with respect to 28 S and 18 S RNA (28) . We suggest that all 5S RNA synthesized in the nucleosol binds to protein p37. It then diffuses to the nucleolus and becomes incorporated into nascent ribosomes. The excess 5 S RNA diffuses to the cytoplasm and becomes degraded together with protein p37. Protein p32 may correspond to an early step of this degradation process. In the light of the interpretation presented here, it would be interesting to compare the turnover rate of p37/p32-bound 5S RNA with that of ribosome-bound 5S RNA.
the 5S DNA clones, Dr C. MONTEILHET for his help with purification of the 7S particles, and B. BOURSIN for preparation of the illustrations. We also thank Dr J.C. COURVALIN and J. DEATRICK for critically reading the manuscript of this paper. S.L. is recipient of a research grant of the "Association pour la Recherche contre le Cancer". The research was supported in part by a grant from the "Fondation pour la Recherche Me'dicale".
*To whom reprint requests should be sent
